I
n their retrospective study, Marchand and colleagues [7] compared the CT scanograms of 155 patients to standing AP radiographs of the hip. The authors sought to determine how the lesser trochanter in a standardized AP pelvis radiograph compared to femoral rotation measured on the CT scans, and they found a correlation between the appearance of the lesser trochanter on the AP views. However, they also excluded five "outliers" that did not fit the model [7] .
One of the challenges for surgeons treating patients who undergo intramedullary nailing for a femoral shaft fracture is restoring both the correct length and rotational alignment of the limb [1, 3-5, 10, 11] . Surgeons generally use gross alignment, which lacks precision and may allow for malrotation, or the lesser trochanter profile on an AP view. With the lesser trochanter view, the surgeon compares side-toside lesser trochanter views, and then aligns the distal part of the fractured limb to the same rotation as the uninjured side [3] . Alternatively, surgeons can take a lateral view of the femoral condyles, and then, moving the C-arm 90°at the hip, rotate the injured limb to obtain the same two views as the uninjured one.
Is misalignment a major concern? Bråten and colleagues [1] evaluated 110 patients who underwent intramedullary femur nailing. Of the 21 patients who had > 15°side-to-side difference, only eight reported symptoms, and of those, only three underwent further surgery. Of the 26 patients who had side-to-side differences of 10°to 14°, only three patients reported symptoms. And no patients with < 10°side-to-side differences had indications related to malrotation. Interestingly, asymptomatic patients could be found in up to 29°side-to-side difference [1] . There is, however, individual variation in how much sideto-side rotational difference may be tolerated, which makes it difficult for surgeons to determine a threshold.
The anatomy itself also poses some problems. Generally, > 15°of rotational deformity when compared to the contralateral side is used as a threshold, understanding that this may not apply to all patients [1, 3-6, 10, 11] . There is side-to-side variation of femoral anteversion in normal adults. One study of "normal" paired adult Norwegian elderly femurs found side-to-side variation of up to 15° [9] . More recently, Croom and colleagues [2] made a sideto-side comparison of 164 pairs of uninjured femora in patients who were undergoing CT scans for other reasons. The patients (60% male) averaged 48 years of age and had an average side-toside difference of 5.4°, with 18% having greater than 10°difference between sides. Additionally, the range of version was 19°retroversion to 38°a nteversion for right femora and 24°r etroversion to 33°anteversion on the left. Because of anatomic variations, it may be hard to determine what threshold values constitute malrotation for all patients when comparing two sides. 
Where Do We Need To Go?
We need more-accurate measures in the operating room when treating femoral shaft fractures to assess femoral length and rotation. While none of the radiographic measures are perfect, investigators commonly use a CT scanogram as the most-accurate measurement for femur length and rotation [1, 3-7, 10, 11] . But anatomical variation among "normal" femurs in terms of version may range from 20°retroversion to 30°or more anteversion [2, 9] . Furthermore, there may also be differences greater than 10°between sides for about 20% of the adult population [2] , which may become problematic when developing solutions based on the "average" adult population [4] .
Fluoroscopic techniques to measure version have been compared to a CT scanogram to determine both length and rotational accuracy [1, 4-6, 8, 11] , and CT scanning is considered the most accurate. But is advanced imaging in the operating room practical for routine use? Ramme and colleagues [8] used a portable three-dimensional CT scan to assess femoral version of a simulated femoral shaft fracture. Using two raters, they found the accuracy of averaged measurements to be within 5°of the actual deformity created with sawbones.
Several questions remain regarding the femoral anatomy: Are their side-toside differences that exist as part of a normal population? Can these be predicted? Do these changes occur because of aging? Instead of inferring CT data on to radiographs, is there a way for advanced imaging to be used on a routine basis in the operating room?
How Do We Get There?
Croom and colleagues [2] evaluated CTs of bilateral nonfractured femora, which allowed the authors to review a larger database of normal paired femora. CT analysis of bilateral femora in which no fracture is present (scanning for other reasons) can allow for a low-cost analysis of a potentially large sample size of normal femora.
Analyzing the femoral anatomy from previously obtained CT scans of a larger database, as Croom and colleagues [2] did in their study, allows for greater confidence in predicting a patient's anatomic restoration with a femur fracture. Using digital CT data of bilateral femora that we obtain for other reasons (pulmonary embolism protocols, for example) might be a practical solution in providing a larger sample size to evaluate uninjured femora in a population. Quality digital data obtained from multiple centers could be used in a larger database to help us better understand normal anatomy (as well as variations associated with age, race, and sex). By having this information at our disposal, we could potentially predict the restoration of a patient's postfemoral shaft fracture.
A study using the latest portable CT scanner should be used in a clinical trial to assess the accuracy of length restoration and rotation of femoral shaft fractures. Future clinical trials should compare operating room and exposure times to a group of more conventionally measured intraoperative assessments. CT scanning could be a more acceptable means to assess patients with intramedullary nailing of femoral shaft fractures if it can be done with minimal risk of radiation exposure and without increasing the operating room time.
